Introduction {#sec1}
============

Morphea is a fibrosing skin disease with a spectrum of presentations ranging from localized indurated plaques to circumferential involvement of limbs that impairs mobility.[@bib1] Eosinophilic fasciitis (EF) is often considered a severe form of morphea.[@bib1] Treatment of severe sclerosing diseases, such as generalized deep morphea (GDM) and EF, can be challenging. Methotrexate and prednisone are therapeutic mainstays but are not effective in all cases.[@bib1] A recent retrospective study showed that ruxolitinib, a Janus kinase (JAK)1/2 inhibitor, was effective in treating sclerodermatous cutaneous graft-versus-host disease.[@bib2] Another series found the benefit of JAK inhibitors in the treatment of hypereosinophilic syndrome (HES) with cutaneous involvement.[@bib3] Based on these data and mechanistic studies of sclerosis from animal models, we hypothesized that JAK inhibitors, such as tofacitinib, would be effective for GDM and EF. Here we describe the use of tofacitinib in 2 patients, one with GDM and the other with EF.

Case reports {#sec2}
============

Case 1 {#sec2.1}
------

A 53-year-old woman presented with diffusely indurated skin. Her medical history included Guillain-Barre syndrome (treated 5 years prior with intravenous immunoglobulin without residual functional deficit) and stage 1 ductal breast carcinoma (treated 2 years prior with lumpectomy and radiation). One year after radiation to the left breast, skin lesions developed in her breast and then became widespread, leading to restricted range-of-motion (ROM) of several joints ([Table I](#tbl1){ref-type="table"}). Her mother had rheumatoid arthritis. Medications included prednisone (40 mg daily), omeprazole, and letrozole. Review of systems was negative and absent for Raynaud syndrome or dysphagia.Table IActive range of motion of wrist and knee joints before and after treatment with tofacitinib as measured by physical therapistJointPatient 1 (GDM)Patient 2 (EF)ROM, pretreatmentROM, after 14 months treatmentROM, pretreatmentROM, after 12 months treatmentRight wrist (extension)63651572Right wrist (flexion)39503368Left wrist (extension)42653468Left wrist (flexion)25404570Right knee (flexion)11812587118Left knee (flexion)11813585114

Physical examination revealed marked induration of the previously irradiated breast and generalized induration involving the torso, arms, and legs; prayer sign was positive ([Fig 1](#fig1){ref-type="fig"}, *A*). There were no mat telangiectasias, sclerodactyly, nailfold capillary changes, dyspigmentation, or decreased oral aperture. Biopsy of a truncal plaque showed thickened collagen bundles and a perivascular and interstitial lymphocytic infiltrate. Laboratory evaluation, including antinuclear antibodies and antitopoisomerase I antibodies, was unremarkable.Fig 1**A,** Before treatment with tofacitinib, patient with GDM was unable to appose her hands (positive prayer sign). **B,** After 8 months of treatment with tofacitinib, she could fully extend her digits.

Treatment with prednisone, 40 mg daily, for 3 months had not halted disease progression; therefore, tofacitinib, 5 mg twice daily, and extracorporeal photopheresis (ECP) twice weekly were started (and prednisone was tapered to 10 mg daily). Tofacitinib was briefly increased up to 10 mg twice daily before again decreasing to 5 mg twice daily (for insurance reasons). Methotrexate (up to 10 mg weekly) was added 3 months later but discontinued after 5 months because of thrombocytopenia, together with ECP (heparin, which is given with ECP, may cause thrombocytopenia). After more than 1 year of treatment with tofacitinib, 5 mg twice daily, and prednisone, 10 mg daily (including shorter periods of treatment with methotrexate and ECP, as above), her cutaneous induration improved markedly and continues to do so. There has been improvement in ROM of many joints ([Table I](#tbl1){ref-type="table"}) and resolution of the prayer sign ([Fig 1](#fig1){ref-type="fig"}, *B*).

Case 2 {#sec2.2}
------

A 66-year-old woman presented with edema and pain of the lower extremities that spread to her upper extremities and trunk over 6 months. Her medical history included hypertension, hyperlipidemia, gastroesophageal reflux disease, depression, osteoarthritis, and hip replacement. Her medications included alendronate, aspirin, atorvastatin, furosemide, amitriptyline, duloxetine, and omeprazole. Family history was unremarkable. Review of systems was negative and absent for Raynaud syndrome or dysphagia.

Physical examination revealed diffuse, marked induration and pseudocellulite appearance of the skin involving the torso, arms, and legs ([Fig 2](#fig2){ref-type="fig"}, *A*). There were no mat telangiectasias, sclerodactyly, nailfold capillary changes, dyspigmentation, or decreased oral aperture. There was restricted ROM in multiple joints markedly affecting her mobility and ability to carry out activities of daily living ([Table I](#tbl1){ref-type="table"}). Her white blood cell count was 20,500 cells/μL with 47 % eosinophils, and the results of an extensive laboratory evaluation, including serum protein electrophoresis, immunofixation electrophoresis, and flow cytometry, were normal. Biopsy of the right thigh found fascial thickening and dermal fibrosis.Fig 2**A,** Before treatment with tofacitinib, pseudocellulite appearance and linear depressions (groove sign) of the right arm were prominent in patient with EF. **B,** After 19 months of treatment with tofacitinib and methotrexate, pseudocellulite appearance and linear depressions are resolved.

Treatment with prednisone, 60 mg daily for 6 months, had been only minimally beneficial; therefore, tofacitinib, 5 mg twice daily, and methotrexate, 10 mg weekly, were started. Prednisone, 15 mg daily, was tapered and discontinued over 3 months. After more than 1 year of treatment with tofacitinib, 5 mg twice daily, and methotrexate, 10 mg weekly, her cutaneous induration improved markedly and continues to do so ([Fig 2](#fig2){ref-type="fig"}, *B*). There has been improvement in both ROM of multiple joints ([Table I](#tbl1){ref-type="table"}) and strength.

Discussion {#sec3}
==========

Methotrexate with or without corticosteroids is the mainstay of therapy for GDM,[@bib1], [@bib4] and corticosteroids with or without methotrexate are the mainstay of therapy for EF,[@bib1] and efficacy of these treatments is variable.[@bib5] Targeted therapies, based on pathogenic factors involved in sclerosis, have not been tested in GDM or EF.

Lymphocyte-derived interleukin (IL)-4 and transforming growth factor-β (TGF-β) may be important in morphea pathogenesis by causing overproduction of collagen and other extracellular matrix proteins by fibroblasts.[@bib5] JAK inhibition blocks IL-4 signaling, and animal models have suggested that TGF-β--induced fibrosis is JAK2 dependent.[@bib6], [@bib7] JAK inhibition has also recently been found to be effective in the treatment of sclerodermatous cutaneous graft-versus-host disease,[@bib2] another disorder characterized by severe cutaneous sclerosis. We previously showed that JAK inhibitor monotherapy is effective for HES with skin involvement.[@bib3] In lymphocytic-variant HES, pathogenic IL-5 secretion by a clonal lymphocyte population drives eosinophil proliferation and activation.[@bib8] Although no T-cell clone is detectable in EF, serum IL-5 levels can be elevated.[@bib9] Because IL-5 secretion and activity are blocked by JAK inhibitors,[@bib10] we hypothesized that JAK inhibitors would also be effective in EF.

In 2 patients with GDM and EF, tofacitinib with or without low-dose methotrexate both halted disease progression and reversed prior pathology, even when prednisone failed to show response. Treatment with tofacitinib, 5 mg twice daily, led to significant improvement in disease over 8 to 12 months, with efficacy evident as early as 2 months. JAK inhibition, alone or in combination with methotrexate, may be a therapeutic option for severe forms of morphea and other sclerosing skin disorders. A clinical trial of tofacitinib in patients with diffuse cutaneous systemic sclerosis is in progress ([NCT03274076](ctgov:NCT03274076){#intref0010}).
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